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 $PRQJ WKH SURW\SH %/6)V
6U%L7D2 LV QRZ VWXGLHG H[WHQVLYHO\ IRU LWV DSSOLFDWLRQ LQ )H5$0V 6XEVWLWXWLRQ RI FDOFLXP LQ VWURQWLXP VLWHV
VKRXOGIXUWKHULQFUHDVHWKH7&7KHFRPSRXQGLVWHWUDJRQDOZLWKVOLJKWRUWKRUKRPELFGLVWRUWLRQ7KHDDQGED[HV
OLHDORQJFZKHUH WKHVXIIL[GHQRWHV WKHFXELFSHURYVNLWHVXEFHOOVR WKDWD§E§DF§QP7KHFD[LV LV
LQKHUHQWO\ ORQJ 7KHVH OD\HUHG SHURYVNLWH FRPSRXQGV DUH IHUURHOHFWULF ZLWK KLJK &XULH WHPSHUDWXUHV 6XEED 5DR
,7KHVWUXFWXUDOFRQVHTXHQFHRIWKLVSRODUL]DWLRQLVWRGLVWRUWWKHRFWDKHGUDOFRRUGLQDWLRQDQGWKHUHE\WRORZHU
WKH FU\VWDO V\PPHWU\ &KHQ DQG *XR  UHSRUWHG SLH]RHOHFWULF SURSHUWLHV RI D QXPEHU RI FRPSRXQGV E\
UHSODFLQJWKHFDWLRQVKDYLQJVLPLODUVWUXFWXUDOFRQILJXUDWLRQV$FFRUGLQJWRWKHPWKH%LLRQKDVDQLPSRUWDQWHIIHFW
RQWKHERQGVWUHQJWKRI7L2íDORQJDD[LVLQWKHFRPSRXQG6U%L7L2WKH%LLRQLQ%L2FDQRQO\EH
VXEVWLWXWHGE\D IHZPHWDOFDWLRQVZKLFKKDYHDVWHURFKHPLFDOO\DFWLYH ORQHSDLURIHOHFWURQV VXFKDV3E6Q
6ERU7HEHFDXVH%LKDVDVWDEOHORQHHOHFWURQSDLUWKH&D6UDQG%LFDWLRQVGLVSHUVHLQWKH$VLWHVDQG
7LFDWLRQVRFFXS\WKH%VLWHVLQWKHSVHXGRSHURYVNLWHOD\HUV7KHUDWLRRI&D6U%LLQWKH$VLWHLVDQGWKHUH
DUHRI$VLWHVYDFDQWLQWKH6&%7ODWWLFH/LHWDO7KHORZFU\VWDOV\PPHWU\DQGKLJKFRHUFLYHILHOGV
REVHUYHG LQ WKHVH FRPSRXQGV UHVXOW LQ WKH KLJK VWDELOLW\ RI WKH SLH]RHOHFWULF SURSHUWLHV IRU FHUDPLFPDWHULDOV RI
%L6U7L2HLWKHUXQGHUKLJKWHPSHUDWXUHRUXQGHURQHGLPHQVLRQDOVWUHVV)HUURHOHFWULFDQGGLHOHFWULFSURSHUWLHVRI
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LVDÀH[LEOHWRRO
IRU VLPXOWDQHRXV HOHFWULFDO DQG GLHOHFWULF FKDUDFWHUL]DWLRQ RIPDWHULDOV 7KLV SRZHUIXO WHFKQLTXH KDV EHHQZLGHO\
XVHG WR FKDUDFWHUL]H WKH GLHOHFWULF EHKDYLRU RI VLQJOH FU\VWDO SRO\FU\VWDOOLQH DQG DPRUSKRXV FHUDPLF PDWHULDOV
3UDEKDNDUDQG5DR7KHSXUSRVHRIWKLVZRUNLVWRD6\QWKHVLVRI6U[&D[%L7L2>[ @
FHUDPLFDWUHODWLYHO\ORZHUWHPSHUDWXUHWRDYRLGWKHYRODWLOLW\RI%LE$SSO\WKHYDULDEOHIUHTXHQF\WHFKQLTXHRI
LPSHGDQFHVSHFWURVFRS\WRWKHDERYHFHUDPLFRYHUDZLGHWHPSHUDWXUHUDQJHHYHQDFURVVWKHWUDQVLWLRQWHPSHUDWXUH
DQG F &KDUDFWHUL]H WKH JUDLQ DQG JUDLQ ERXQGDU\ UHVLVWDQFH XVLQJ &,6 IURP ZKLFK RQH FDQ FDOFXODWH WKHLU
FDSDFLWDQFHDQGFDQPRGHOWKHHTXLYDOHQWFLUFXLW
([SHULPHQWDO'HWDLOV
6DPSOH3UHSDUDWLRQ
7KH LQLWLDO FRPSRXQGV 6U&2 %L2 &D&2 7L2 6LJPD $OGULFK  SXUH $5 JUDGH ZHUH PL[HG LQ
DSSURSULDWHUDWLRVIRUWKHV\QWKHVLVRIWKHGHVLUHGFRPSRXQG7KHSRO\FU\VWDOOLQHVDPSOHVRI6U[&D[%L7L2>[ 
6%76&%76&%76&%76&%7@ZHUHSUHSDUHGE\WKHPHWKRGRIUHDFWLYHVLQWHULQJ7KH
VWDQGDUGFHUDPLF IDEULFDWLRQSURFHGXUHKDVEHHQIROORZHGIRU WKHSUHSDUDWLRQ7KHR[LGHPL[WXUHZHLJKLQJJ
ZDVVXEMHFWHGWRKLJKHQHUJ\PLOOLQJLQDSODQHWDU\EDOOPLOO)ULWVFK3XOYHULVHWWHDWDVSHHGRIUSPIRUKU
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DQGWKHQFRROHG7KHFDOFLQHGSRZGHUVZHUHPLOOHGIRUDIHZPLQXWHVWRFUXVKDQ\OXPSVWKDWZHUHIRUPHGGXULQJ
WKH FDOFLQDWLRQV7KHFDOFLQHGSRZGHUVZHUH FROG LVRVWDWLFDOO\FRPSUHVVHG LQWR WKH IRUPRI D F\OLQGULFDO URG DW D
SUHVVXUHRI0SDDQGVLQWHUHGDW&IRUKUDQGWKHQDOORZHGWRIXUQDFHFRRO3HOOHWVKDYLQJDGLDPHWHURI
FPDQGWKLFNQHVVRIPPZHUHFXWIURPWKHVLQWHUHGVDPSOHVXVLQJDORZVSHHGLVRPHWVDZ7KHHQWLUHVLQWHULQJ
ZDVGRQHLQDPLFURSURFHVVRUFRQWUROOHGIXUQDFH7KHGHQVLILHGSHOOHWVZHUHXVHGIRUDOOPHDVXUHPHQWV
&KDUDFWHUL]DWLRQDQG0HDVXUHPHQWV
7KHGHQVLW\RIWKHSHOOHWVZDVGHWHUPLQHGE\$UFKLPHGHVSULQFLSOH7KHFU\VWDOVWUXFWXUHRIWKHFRPSRXQGVZDV
H[DPLQHGE\ ;UD\ GLIIUDFWLRQ ;5' XVLQJ D *XLQLHUKDJJFDPHUDZLWK &X .Į   UDGLDWLRQ 7KHPLFUR
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PHDVXUHPHQWV VDPSOHV ZHUH SROLVKHG DQG FRDWHG ZLWK VLOYHU HOHFWURGHV RQ WKH ODUJHU IDFHV 7\SLFDO VDPSOH
GLPHQVLRQVZHUHPPGLDPHWHUDQGPPWKLFNQHVV,QRUGHUWRPDNHHOHFWULFDOPHDVXUHPHQWVLWLVQHFHVVDU\WR
PDNHWKHVDPSOHVµSLH]RHOHFWULFDOO\DFWLYH¶7KHUHIRUHHOHFWULFDOSROLQJZDVGRQHDWDILHOGRIN9FPíIRUPLQ
DW&LPPHUVLQJWKHVDPSOHVLQDVLOLFRQRLOEDWK'RZ&RUQLQJ57KHILHOGZDVUHWDLQHGZKLOHFRROLQJDV
ZHOO 7KH LPSHGDQFH PHDVXUHPHQWV ZHUH PDGH RQ HOHFWULFDOO\ SROHG VDPSOHV ZLWK DQ ,PSHGDQFH $QDO\]HU
+3$DWGLIIHUHQWIUHTXHQFLHVIURPURRPWHPSHUDWXUHWR&7KHGLHOHFWULFLPSHGDQFHGDWDZDVFROOHFWHGDW
DQLQWHUYDORI&DWDKHDWLQJUDWHRI&PLQ7KHVHPHDVXUHPHQWVZHUHFDUULHGRXWRQVLOYHUFRDWHGSHOOHWVE\
SODFLQJWKHPLQEHWZHHQWZRHOHFWURGHVZKLFKLQWXUQZHUHFRQQHFWHGWRWKHOHDGVRIWKHLPSHGDQFHDQDO\]HU
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6%76&%7
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6&%76&%7@DW  URRP  WHPSHUDWXUH 7KH UHVXOWV LQGLFDWH WKDW WKHFU\VWDO V\PPHWU\ LV
RUWKRUKRPELFWKHVDPHDVSXUH&%7DQG6%7;5'GLIIUDFWLRQFRQILUPVWKDWWKHVDPSOHLVDVLQJOHSKDVHRI
WKHELVPXWKR[LGHOD\HUW\SHVWUXFWXUHZLWKP DQGKDVQRFHUWDLQJUDLQRULHQWDWLRQ7KH6(0PLFURJUDSKV
IRUWKHFRPSRVLWLRQV6%7LVVKRZQLQ)LJXUH7KHVKHHWJUDLQVDUHIRXQGLQWKHFRPSRXQGVVLPLODUWRWKHW\SLFDO
PRUSKRORJ\RI%/6)FHUDPLFV&KHQDQG*XR7KXVWKHVWURQJDQLVRWURSLFFKDUDFWHULVGHPRQVWUDWHG)LJXUH
VKRZVWKHSHUPLWWLYLW\GDWDDWVHYHUDOWHPSHUDWXUHVLVSORWWHGDVDIXQFWLRQRIIUHTXHQF\7KHSORWVKRZHGWKUHH
GLIIHUHQWEHKDYLRXUVLQZKROHIUHTXHQF\UDQJH,QWKHORZIUHTXHQF\UDQJHWKHSHUPLWWLYLW\LQFUHDVHVZLWKLQFUHDVHLQ
WHPSHUDWXUH 7KLV PD\ EH FDXVHG GXH WR JUDLQ ERXQGDU\ HIIHFW DQG SUHVHQFH RI DOO W\SH RI SRODUL]DWLRQ LQ WKH
PDWHULDOV 7KH REVHUYHG KLJK YDOXH RI SHUPLWWLYLW\ ERWK DW ORZ IUHTXHQF\ DQG KLJK WHPSHUDWXUH SUREDEO\ GXH WR
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VRPHNLQGRIVXUIDFHOD\HUIRUPHGE\WKHGLIIXVLRQRIWKHHOHFWURGHPDWHULDOV,QWKHKLJKIUHTXHQF\
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
)LJ;5'JUDSKVREWDLQHGIRUWKHVDPSOHV
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)LJ6(0PLFURJUDSKIRUWKHFRPSRVLWLRQ6%7

UDQJH0+]WKHSHUPLWWLYLW\VKRZHGGLVSHUVLRQ7KDWGLVSHUVLRQVKLIWVWRZDUGORZHUIUHTXHQF\VLGHZLWKLQFUHDVH
LQ WHPSHUDWXUH XS WR  & DQG DJDLQPRYH WRZDUGV KLJKHU IUHTXHQF\ VLGHZLWK LQFUHDVH LQ WHPSHUDWXUH LQ WKH
SDUDHOHFWULF SKDVH $URXQG WKLV GLVSHUVLRQ IUHTXHQF\ GLHOHFWULF ORVV VSHFWUXP DOVR JLYHV D SHDN DQG WKDW SHDN
IUHTXHQF\IROORZVVLPLODUEHKDYLRUDVWKDWRISHUPLWWLYLW\7KHIUHTXHQF\GHSHQGHQFHGLHOHFWULFORVVVSHFWUXPVKRZQ
LQ)LJXUHLPSOLHVWKDWWKHKRSSLQJRIFKDUJHFDUULHUVSOD\VDQLPSRUWDQWUROHLQWKHLUWUDQVSRUWSURFHVVHVEHFDXVHD
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ORVVSHDNLVDQHVVHQWLDOIHDWXUHRIWKHFKDUJHFDUULHUKRSSLQJWUDQVSRUW'DWWDDQG6LQKD)RUDPRUHGHWDLOHG
DQDO\VLVZHKDYHDGRSWHGLPSHGDQFHVSHFWURVFRSLFWHFKQLTXH
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ERXQGDU\FRQWULEXWLRQ LVQRW DFFXUDWH DV WKH VHPLFLUFOHV DUFV DUHRYHUO\LQJHDFKRWKHU7KHGRPLQDQWEHKDYLRURI
JUDLQFDQEHREVHUYHGDVVLQJOHVHPLFLUFOHFDQEHWUDFHGDWKLJKWHPSHUDWXUHVXVLQJIUHTXHQF\GDWD7KHHTXLYDOHQW
FLUFXLW FRQWDLQLQJ WZR5& HOHPHQWV IUHTXHQWO\ VKRZQ LQ WKH OLWHUDWXUH WR GHVFULEH WKH JUDLQ DQG JUDLQ ERXQGDU\
FRQWULEXWLRQWRWKHHOHFWULFDOUHVSRQVHRIWKHPDWHULDOLVXVHG,QWKLVPRGHOERWKJUDLQDQGJUDLQERXQGDU\EHKDYLRU
DUHDVVXPHWRIROORZD'HE\HOLNHEHKDYLRUUHSUHVHQWHGE\WZR5&FLUFXLWVZKLFKLQJHQHUDOGRQRWUHSUHVHQWWKH
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&RHIILFLHQW RI 5HVLVWDQFH@ FKDUDFWHU RI DOO WKH VDPSOHV $QG VXSSRUWV ILJXUH  7KH JUDLQ &J DQG JUDLQ
ERXQGDU\FDSDFLWDQFH &JE GXH WR WKHVH HIIHFWV FDQ EH FDOFXODWHG XVLQJ WKH UHODWLRQ ʌIP5&  ZKHUH IP LV WKH
IUHTXHQF\WKDWFRUUHVSRQGVWRWKHPD[LPXPRIVHPLFLUFOH

&RQFOXVLRQV
7KH UHVXOWV DUH EHQH¿FLDO IRU KLJKHU WHPSHUDWXUH DSSOLFDWLRQV )URP WKH DERYH GLVFXVVLRQV ZH FRXOG PDNH WKH
FRQFOXVLRQVDVIROORZV
D 7KHXQLIRUPRUWKRUKRPELFVWUXFWXUHLVIRUPHGLQDOOWKHFRPSRVLWLRQV6U[&D[%L7L2[ 
FHUDPLFV
E 7KH SODWH OLNH JUDLQ PRUSKRORJLHV ZHUH REVHUYHG LQ DOO WKH FRPSRVLWLRQV0RVW RI WKH SLH]RHOHFWULF
SURSHUWLHV VXFK DV GLHOHFWULF GLVVLSDWLRQ IDFWRUV WDQ į.3 DQG&XULH WHPSHUDWXUH 7& FRUUHVSRQGV WR WKH
DYHUDJHSURSHUWLHVRI&%7DQG6%7
F $ ORZ WHPSHUDWXUH FRHIILFLHQW DQG D KLJK UHVLVWLYLW\ LQ WKH UDQJH RI ±& ZHUH REVHUYHG LQ WKH
VDPSOHV6&%7
G ,PSHGDQFHDQDO\VLVUHYHDOHGWKHSUHVHQFHVRIJUDLQDQGJUDLQERXQGDU\HIIHFWLQDOOWKHFRPSRVLWLRQV
H 7KHRSWLPDOFRPSRVLWLRQLQWKH6U[&D[%L7L2[ FHUDPLFVV\VWHPLV[ 7KH
FRPSRXQG ZKHQ [    KDV H[FHOOHQW LQWHJUDWHG SURSHUWLHV DQG LV EHQH¿FLDO IRU KLJKHU WHPSHUDWXUH
DSSOLFDWLRQV
$FNQRZOHGJHPHQWV
 7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH PDQDJHPHQW RI 8QLYHUVLW\ RI 3HWUROHXP DQG (QHUJ\ 6WXGLHV IRU
SURYLGLQJ WKH H[SHULPHQWDO IDFLOLWLHV 2QH RI WKH DXWKRUV *$ ZRXOG OLNH WR WKDQN 'U$5 -DPHV 6FLHQWLVW )
'HIHQFH0HWDOOXUJLFDODQG5HVHDUFK/DERUDWRULHVIRUSURYLGLQJWKH;5'GDWD

5HIHUHQFHV
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